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When differences of temperature exist at different points of the same substance, they are in general accompanied by a difference of potential.
These differences of potential which are here discussed in connection with an ideal reversible circuit are of course entirely independent of those due to resistance in irreversible circuits.
The energy absorbed when electricity passes from a place of lower to one of higher potential is necessarily supplied in the form of heat, and hence the phenomena give rise to reversible heating effects which are independent of the irreversible effects due to conduction of heat in the cases which occur in practice. To these heating effects the name "electric convection of heat" has been given. In order to eliminate the effects of irreversible heat conduction, it is necessary to assume that the thermal conductivity of the connections forming the circuit is negligible.
The laws of reversible thermodynamics show that under the assumed conditions; when a unit of electricity flows round the circuit, the sum of the energies given out in the form of heat at the junctions and in the conductors is equal to the whole electromotive force tending to produce a current in this direction in the circuit, and the sum of the entropies given out is zero.
The last statement shows that the total quantity of entropy absorbed when a unit of electricity is made to pass from one point 0 to another point P of a thermo-electric network is independent of the path by which the charge travels from 0 to P. If we denote this quantity by %, we notice that since the present result is unaffected by the addition or substitution of hypothetical connections of the most general character between 0 and P, the quantity % can only depend on the temperatures and nature of the substances at 0 and P. And by taking 0 to refer to a standard substance at a standard temperature we shall have % a function of the temperature and the nature of the substances at P which we shall write % (a, T) for substance a at temperature T. This function will determine all the thermo-electric phenomena occurring in the system.
Thus if Uab is the electromotive force at temperature T of the Peltier Effect between two substances a and T),
(302)                       JTa6 = T{%(a,T)-%(6,r)}-
Again let 6adT represent the electromotive force of the Kelvin effect corresponding to the temperature difference dT for substance a then since
6a dT = increase of energy of unit charge corresponding to dT = T x increase of entropy = Td% (a, T), nature of S only can occur in one phase, giving four phases altogether, in accordance with the rule.
